Introduction {#S0001}
============

A retinal vein occlusion (RVO) is the second most common vision-threatening retinal vascular disorder after diabetic retinopathy. Approximately 16 million people have RVO from population studies in the United States, Europe, Asia, and Australia.[@CIT0001] Patients with RVO are at risk of vision reduction from complications such as vitreous hemorrhage, epiretinal membrane formation, and tractional retinal detachment. Signs indicating a development of these complications are indications for vitrectomy.

Macular edema is another common cause of visual reduction in eyes with a RVO, and vitrectomy has been performed for the macular edema since 1994.[@CIT0002]--[@CIT0008] The results of many studies on the effectiveness of vitrectomy with and without intraoperative combined procedures have been published.[@CIT0009]--[@CIT0039] In combined vitrectomy, the vitrectomy is combined with internal limiting membrane (ILM) peeling, arteriovenous sheathotomy, radial optic neurotomy, intravitreous triamcinolone acetonide (IVTA) at the completion of surgery, and endovascular cannulation. However, the role of vitrectomy for macular edema is uncertain,[@CIT0040] and there is limited evidence from well-conducted randomized studies indicating that a specific type of surgical intervention for RVO is superior to the others.[@CIT0041],[@CIT0042]

In recent years, the treatment of macular edema secondary to RVO has shifted to the intravitreal injection of anti-vascular endothelial growth factor (VEGF) agents.[@CIT0043]--[@CIT0045] However, a recurrence of the macular edema is often observed, and patients require close monitoring and the repeated injections increase the risk of endophthalmitis, adverse systemic events,[@CIT0046] and the financial burdens.[@CIT0047] In addition, the long-term outcomes of anti-VEGF treatments and the rate of reoperations[@CIT0048] after the anti-VEGF treatments have not been definitively determined.

Thus, the purpose of this study was to determine the long-term outcomes of vitrectomy performed by a single surgeon on the macular edema associated with a RVO.

Methods {#S0002}
=======

Patients {#S0002-S2001}
--------

We reviewed the medical records of all patients who had undergone vitrectomy for macular edema due to a RVO by a single surgeon (NO) between September 1994 and November 2011. The inclusion criteria were the presence of a RVO and macular edema associated with a decrease in the visual acuity and foveal hemorrhages that were detected by fluorescein angiography. The exclusion criteria included eyes with vitreous hemorrhage, severe cataract, vitreomacular traction, presence of an epiretinal membrane, the intravitreal anti-VEGF agents used, the intra- or periocular use of TA, previous vitreoretinal surgery, previous macular grid laser photocoagulation, uncontrolled glaucoma, and other ocular diseases that could cause a reduction in vision. This study did not include cases with insufficiently controlled hypertension and diabetics. Duration of symptoms was defined as the time from onset to surgery.

All patients had signed an informed consent for the surgery, data collection, and the use of the data for research studies. The Ethics Committee of the Kami-iida Daiichi General Hospital approved the procedures used in this study, and the procedures conformed to the tenets of the Declaration of Helsinki.

All of the patients had a complete ophthalmic examination including measurements of the best-corrected visual acuity (BCVA) with a visual acuity chart, slit-lamp biomicroscopy with a contact lens, indirect ophthalmoscopy, fundus photography, and fluorescein angiography. Foveal thickness was determined by OCT 3 (Carl Zeiss Meditec, Dublin, CA), and images were obtained from 307 eyes preoperatively and postoperatively.

An ischemic central retinal vein occlusion (CRVO) was determined to be present when a retinal nonperfusion area \>10 disk diameters that involved the periphery and/or the macula was present.

Patients were examined preoperatively and at 1 day, 1 week, 1, 2, 3, and 6 months post-treatment. The patients were examined every 3 to 6 months thereafter.

Surgical procedures {#S0002-S2002}
-------------------

All surgeries were performed by one experienced surgeon (NO). Phacovitrectomy with intraocular lens implantation was performed in all phakic patients who were \>40-years-of-age to avoid cataract progression. Standard three-port pars plana vitrectomy was performed. A separation of the posterior hyaloid from the optic disk and posterior retina was performed when a posterior vitreous detachment was not present. The retinal periphery was carefully inspected microscopically with scleral depression. Argon laser photocoagulation was applied to any tears or suspicious retinal hemorrhages or thinning.

Intraoperative laser treatment was performed for the nonperfused areas except in cases of BRVO to prevent postoperative neovascular glaucoma.

The intraoperative combined procedures included ILM peeling, cystotomy,[@CIT0039] arteriovenous sheathotomy, radial optic neurotomy, drainage of subretinal fluid, and a 10 mg IVTA injection at the end of surgery.

ILM peeling was started in March 1998. The early stage indications were eyes with dense hemorrhage and/or large cysts. Later, the indication of ILM peeling expanded to all patients and during generally performed vitrectomy. Cystotomy consisted of the incision of the cyst wall or excision of the cyst wall, and this was performed for cysts \>1/3 disc diameter. Radial optic neurotomy was performed from April 2002 to December 2003. Indications for radial optic neurotomy were large cysts, severe macular ischemia, and recent onset of the macular edema in both nonischemic and ischemic CRVO. The drainage of subretinal fluid with a subretinal cannula was performed for subretinal fluid with dense hemorrhage. IVTA injection at the end of surgery was performed from December 2002 to December 2006.

Additional treatments after surgery {#S0002-S2003}
-----------------------------------

Postoperative laser treatments were performed when iris neovascularization developed or nonperfused area enlarged or when severe fluorescein leakage was observed.

A persistent macular edema was defined as a macular edema that was sustained for at least 3 months at ≥300 µm or a macular edema deemed to be affecting the patient's visual acuity based on the investigator's evaluation. A recurrent macular edema was defined as an increase of foveal thickness \>30% after an initial decrease or a worsening of the BCVA by \>0.2 logMAR units after an initial improvement.

Additional treatments, including IVTA and ILM peeling, were performed when the eye had persistent or recurrent macular edema and when the patients agreed to the retreatments. For this, 10 mg of IVTA injections was performed from December 1998 to September 2007. Vitrectomy with ILM peeling was performed if the ILM was preserved at the initial surgery.

Subclass analyses on the time period and the duration {#S0002-S2004}
-----------------------------------------------------

We divided the time period into an early period (from 9/1994 to 6/2003; n=446) and the late period (from 7/2003 to 11/2011; n=408) to evaluate the effect of the time period of surgery.

We divided all cases by the duration of symptoms into acute eyes (duration≤3 mon) and chronic eyes (duration\>3 mon) to evaluate the long-term results including the BCVA, postoperative adverse events, and need of additional postoperative procedures.

Statistical analyses {#S0002-S2005}
--------------------

The decimal visual acuities were converted to the logarithm of minimum angle resolution (logMAR) units. The paired *t* tests were used to determine the significance of the differences in the BCVA, and chi-square tests were used to determine the significance of the differences in the ratios of the BCVA. The differences in the measured values among the groups were compared by ANOVA with posthoc comparisons tested by the Scheffe procedure. The significance of the difference between the final BCVA and foveal thickness at last visit was evaluated by Spearman's rank correlation tests. An improvement or worsening of the visual acuity was defined as changes that were greater or lesser than 0.2 logMAR units. A *P*\<0.05 was accepted as statistically significant. Statistical analyses of data were carried out with the Statview 5.0 software (SAS Institute Inc., Cary, North Carolina).

Results {#S0003}
=======

Eight hundred eighty-two eyes of 882 patients met our selection criteria. Twenty-eight patients were excluded from the statistical analysis because they had not been followed for at least 12 months. Therefore, the analyses were performed on 854 eyes of 854 patients.

Four hundred seventy-seven patients (55.9%) were women, 377 (44.1%) were men. The mean age of the patients was 65.9 years with a range of 31 to 95 years. The mean age of the women was 67.4±9.7 years and that of the men was 64.0±11.3 years (*P*\<0.0001).

The duration of the symptoms was 1 to 60 months with a mean of 4.3 months and a median of 3.0 months. One hundred seventy eyes (19.9%) had a duration of ≤1 month, 550 eyes (64.4%) had a duration of ≤3 fewer months, and 109 eyes (12.8%) had a duration of \>6 months.

The follow-up period ranged from 12 to 262 months with a mean of 68.6 and a median of 53.0 months. The follow-up period of 708 eyes (82.9%) was at least 2 years, 633 eyes (74.1%) was at least 3 years, and 371 eyes (42.1%) was ≥5 years, and 140 eyes (16.4%) was ≥10 years of follow-up

For all eyes, 602 had a branch RVO (BRVO), 74 had a hemi-central RVO (hemi-CRVO), 87 had nonischemic CRVO, and 91 had ischemic CRVO. The patients were further subdivided into; 51 with macular RVO, 305 with first branch RVO, and 246 with second branch RVO.

The preoperative characteristics of the patients are shown in [Table 1](#T0001){ref-type="table"}. There were significant differences in the sex distribution, the BCVA, incidence of glaucoma, prior scatter or panretinal photocoagulation, incidence of posterior vitreous detachment, presence of foveal cysts, hemorrhage in the foveal cyst, subfoveal hemorrhage, and subfoveal detachment but not for the age, lens status, duration of symptoms, and follow-up duration among the four types of BRVO.Table 1Preoperative characteristics of the patient (n=854)BRVOHemi-NonischemicIschemic*P*-valueCRVOCRVOCRVO(n=602)(n=74)(n=87)(n=91)Age, yrs, mean (SD)65.6±10.067.2±11.565.9±10.566.9±12.80.51 Female67.0±9.3^a^69.2±11.366.5±9.470.3±11.2^b^0.089 Male63.6±10.8^a^65.5±11.565.4±11.665.5±11.5^b^0.60 Female, n (%)354 (58.8)^c^34 (45.9)42 (48.3)47 (51.6)0.042Lens status, n (%) Phakia570 (94.7)67 (90.5)81 (93.1)83 (91.2)0.35Duration of symptoms Mean, months (SD)4.6±7.43.4±3.23.3±3.24.3±5.20.18 ≦1 month, n (%)105 (17.4)18 (24.3)21 (24.1)26 (28.6) 2--3months, n (%)270 (44.9)35 (47.3)44 (50.6)31 (34.1) 3--6months, n (%)149 (24.8)13 (17.6)13 (14.9)20 (22.0) ＞6 months, n (%)78 (13.0)8 (10.8)9 (10.3)14 (15.4)0.08BCVA (LogMAR) Mean (SD)0.60±0.380.77±0.430.70±0.481.32±0.46\<0.0001BCVA (Snellen equivalent) ≦20/200, n (%)142 (23.6)31 (41.9)29 (33.3)77 (84.6)\<0.0001 ≧20/40, n (%)175 (29.1)15 (20.3)22 (25.3)1 (1.1)\<0.0001 Open-angle glaucoma, n (%)18 (3.0)7 (9.5)8 (9.2)9 (9.9)0.0010 Scatter or panretinal PC, n (%)233 (38.7)29 (39.2)45 (51.7)63 (69.2)\<0.0001 PVD, n (%)207 (34.4)41 (55.4)31 (35.6)29 (31.9)0.0038 Foveal cyst, n (%)306 (64.0)39 (52.7)53 (60.9)80 (87.9)\<0.0001 Hemorrhage in the cyst, n (%)122 (39.4)11 (28.2)10 (18.5)15 (18.8)0.0003 Subfoveal hemorrhage, n (%)194 (32.2)21 (28.4)14 (16.1)16 (17.6)0.0012 Serous foveal detachment, n (%)222 (36.9)35 (47.3)20 (23.0)59 (64.8)\<0.0001Follow-up duration, mos. Mean (SD)68.6±51.462.7±49.269.2±56.073.4±60.30.64[^1][^2]

The combined procedures are shown in [Table 2](#T0002){ref-type="table"}. ILM peeling was performed in 564 eyes (66.0%) that included indocyanine green-assistance in 220 eyes (39.0%), triamcinolone-assistance in 216 eyes (38.3%), and no assistance in 128 eyes (22.7%).Table 2Combined procedures (n=854)BRVOHemi-CRVONonischemic CRVOIschemic CRVO(n=602)(n=74)(n=87)(n=91)ILM peeling405 (67.3)52 (70.3)47 (54.0)60 (65.9) ICG-assisted153 (37.8)20 (38.4)16 (34.0)31 (51.7) TA-assisted148 (36.5)23 (44.2)26 (55.3)19 (31.7) No-assisted104 (25.7)9 (17.3)5 (10.6)10 (16.7)Cystotomy53 (8.8)3 (4.1)4 (4.6)17 (18.7) Drainage of subretinal fluid37 (6.1)3 (4.1)2 (2.3)8 (8.8) Arteriovenous sheathotomy121 (20.1) Radial optic neurotomy16 (18.4)16 (17.6)IVTA at the end of surgery113 (18.8)15 (20.3)21 (24.1)23 (25.3)IVTA during follow-up63 (10.5)8 (10.8)15 (17.2)11 (12.1)[^3][^4]

Cystotomy was performed in 77 eyes (9.0%) and combined with ILM peeling in 48 eyes. Drainage of subretinal fluid was performed in 50 eyes (5.9%) of all eyes. Arteriovenous sheathotomy was performed in 121 eyes (20.1%) with BRVO.

Radial optic neurotomy was performed on 16 eyes (18.4%) with nonischemic CRVO and 16 eyes (17.6%) with ischemic CRVO. Radial optic neurotomy was performed on 16 of 18 eyes with nonischemic CRVO and 16 of 18 eyes with ischemic CRVO from April 2002 to December 2003.

Ninety-seven patients received IVTA during the follow-up period. The interval from surgery to first injections ranged from 1 to 77 months with a mean of 8.0 months. Twenty-nine eyes received a second IVTA. The interval from the surgery to the second injection ranged from 2 to 54 months with a mean of 16.2 months. Ten patients received a third IVTA. The interval from surgery to the third injection ranged from 9 to 38 months with a mean of 19.2 months. Two patients received a fourth IVTA, and the interval from surgery to fourth injections was 14 months in both patients.

The procedures by the study periods are shown in [Table 3](#T0003){ref-type="table"}.Table 3Procedures by study periodEarly periodLate period(9/1994 to 6/2003)(7/2003 to11/2011)(n=446)(n=408)20 gauge (n=765)446 (58.3)319 (41.7)23 or 25 gauge (n=89)089 (100.0)ILM peeling (n=564)290 (51.4)274(48.6)Cystotomy (n=77)71 (92.2)6 (7.8)Drainage of subretinal fluid (n=50)49 (98.0)1 (2.0)Arteriovenous sheathotomy (n=123)97 (78.9)26 (21.1)Radial optic neurotomy (n=32)17(53.1)15 (46.9)IVTA at the end of surgery (n=172)39 (22.7)133 (77.3)IVTA during follow-up (n=97)42 (43.3)55 (56.7)[^5][^6]

The time course of the changes in the BCVA for the four types of RVOs is shown in [Figure 1](#F0001){ref-type="fig"}. The visual prognosis was better in the eyes with a BRVO followed by eyes with hemi-CRVO, nonischemic CRVO, and ischemic CRVO.Figure 1Time course of the changes in the best-corrected visual acuity (BCVA) for the four types of retinal vein occlusions (RVO). The improvement of the BCVA was best in the eyes with branch RVO followed by those with hemi-central RVO (hemi-CRVO), nonischemic central RVO (CRVO), and ischemic CRVO.

The time course of the changes in the foveal thickness for the four types of RVOs is shown in [Figure 2](#F0002){ref-type="fig"}. There was a significant difference between the eyes with a BRVO and ischemic CRVO at preoperatively *(P*=0.0008)Figure 2The time course of the changes in the foveal thickness for the four types of RVO. The four types had a similar time course. There was a significant difference between the eyes with a BRVO and ischemic CRVO at preoperatively *(P*=0.0008).**Abbreviations:** RVO, retinal vein occlusion; BRVO, branch RVO; CRVO, central RVO.

The time course of the changes in the BCVA for the subtypes of BRVO is shown in [Figure 3](#F0003){ref-type="fig"}. The visual prognosis was better in the eyes with a macular RVO followed by eyes with a second branch RVO and with a first branch RVO.Figure 3Time course of the changes in the BCVA for the subtypes in BRVO. The improvement is best in the eye with macular RVO followed by second branch RVO, and then by first branch RVO.**Abbreviations:** BCVA, best-corrected visual acuity; RVO, retinal vein occlusion; BRVO, branch RVO.

The results of the comparisons of the BCVA at each time point are shown in [Table 4](#T0004){ref-type="table"}. There was a significant difference between the preoperative BCVA and that at all postoperative examination times for all types of RVO. In BRVO, there was a significant difference in the BCVA at 1 year and that at the final visit (*P*\<0.0001), and there was a significant difference between the BCVA at 1 year and that at 2 years *(P\<*0.0001) but not between 2 years and 3 years (*P*=0.072).Table 4Statistical comparison of visual acuity between each time pointsTypesPre vs.Pre vs.Pre vs.Pre vs.1 year vs.1 year vs.2 years vs.1 month6 months1 yearFinal2 yearsFinal3 yearsBRVO\<0.0001\<0.0001\<0.0001\<0.0001\<0.0001\<0.00010.072Hemi-CRVO0.0006\<0.0001\<0.0001\<0.00010.690.930.17Nonischemic CRVO0.00350.00170.00110.00160.0240.740.85Ischemic CRVO\<0.00010.0004\<0.00010.00030.860.220.52[^7][^8]

A summary of visual outcomes at 12 months postoperatively and at the final visit is presented in [Table 5](#T0005){ref-type="table"}. In eyes with a BRVO with an initial BCVA of ≥20/40, a final BCVA of ≥20/20 was found in 119 of the 175 eyes (68.0%) and a final BCVA of ≥20/40 was found in 168 of the 175 eyes (96.0%). The incidence of BRVO eyes with a preoperative BCVA ≤20/40 (n=490) and a BCVA ≥20/40 and a BCVA ≥20/20 at 12 months after the surgery was 68.6%, 24.7%, respectively.Table 5Visual outcomes at 12 months postoperatively and the final visitBRVOHemi-NonischemicIschemicCRVOCRVOCRVO(n=602)(n=74)(n=87)(n=91)At 12 months postoperatively BCVA in logMAR0.24±0.340.48±0.490.51±0.541.10±0.54Snellen equivalent BCVA ≦20/200, no. (%)38 (6.3)18 (24.3)22 (25.3)62 (68.1) ≧20/40, no. (%)442 (73.4)37 (50.0)41 (47.1)10 (11.0) ≧20/20. no. (%)187 (31.1)16 (21.6)19 (21.8)4 (4.4)Postoperative visual improvement0.36±0.340.30±0.350.19±0.520.22±0.46 Improved, no. (%)421 (69.9)44 (59.5)46 (52.9)48 (52.7) Unchanged, no. (%)158 (26.2)26 (35.1)24 (27.6)29 (31.9) Worsened, no. (%)23 (3.8)4 (5.4)17 (19.5)14 (15.4)At the final visit BCVA in logMAR0.19±0.370.48±0.550.50±0.571.15±0.61Snellen equivalent BCVA ≦20/200, no. (%)49 (8.1)20 (27.0)28 (32.2)70 (76.9) ≧20/40, no. (%)475 (78.9)37 (50.0)45 (51.7)13 (14.3) ≧20/20. no. (%)265 (44.0)23 (31.1)21 (24.1)4 (4.4)Postoperative visual improvement0.41±0.380.30±0.410.20±0.570.18±0.55 Improved, no. (%)448 (74.4)43 (58.1)50 (57.4)47 (51.6) Unchanged, no. (%)129 (21.4)25 (33.8)21 (24.1)23 (25.3) Worsened, no. (%)25 (4.2)6 (8.1)16 (18.4)21 (23.1)[^9]

The postoperative adverse events and classification by acute and chronic eyes are shown in [Tables 6](#T0006){ref-type="table"} and [7](#T0007){ref-type="table"}, respectively.Table 6Postoperative adverse events (n=854)BRVOHemi-NonischemicIschemicCRVOCRVOCRVO(n=602)(n=74)(n=87)(n=91)Neovascular glaucoma5 (0.8)3 (4.1)4 (4.6)12 (13.2)Open-angle glaucoma9 (1.5)2 (2.7)2 (2.3)3 (3.3)Rhegmatogenous retinal detachment1 (0.2)01 (1.1)0Epiretinal membrane3 (0.5)000Vitreous hemorrhage01 (1.4)00Deposited of foveal hard exudate3 (0.5)1 (1.4)01 (1.1)Serous retinal detachment1 (0.2)1 (1.4)00Re-occlusion42 (7.0)4 (5.4)5 (5.5)Progression to ischemic CRVO13 (14.9)Age-related macular degeneration2 (0.3)01 (1.1)0Atrophic creep2 (0.3)000Choroidal neovascularization6 (1.0)000Endophthalmitis1 (0.2)000Cerebral infarction2 (0.3)000Central artery occlusion0001 (1.1)[^10][^11] Table 7Postoperative adverse events in acute or chronic eyes (n=854)AcuteChronic(n=550)(n=304)Neovascular glaucoma20 (3.6)4 (1.3)Open-angle glaucoma10 (1.8)6 (2.0)Rhegmatogenous retinal detachment2 (0.4)0Epiretinal membrane3 (0.5)0Vitreous hemorrhage1 (0.2)0Deposited of foveal hard exudate4 (0.7)1 (0.3)Serous retinal detachment2 (0.4)0Re-occlusion35 (6.4)16 (5.3)Progression to ischemic CRVO10 (1.8)3 (1.0)Age-related macular degeneration2 (0.4)1 (0.3)Atrophic creep2 (0.4)0Choroidal neovascularization2 (0.4)4 (1.3)Endophthalmitis01 (0.3)Cerebral infarction2 (0.4)0Central artery occlusion01 (0.3)[^12][^13]

The additional postoperative surgeries and additional postoperative procedures in acute or chronic eyes acute and chronic eyes are shown in [Tables 8](#T0008){ref-type="table"} and [9](#T0009){ref-type="table"}, respectively. Postoperative adverse events and the postoperative additional procedures were more often in the acute eyes than the chronic eyes.Table 8Additional postoperative surgeries (n=854)BRVOHemi-NonischemicIschemicCRVOCRVOCRVO(n=602)(n=74)(n=87)(n=91)Glaucoma surgery Neovascular glaucoma1 (1.4)1 (1.1)6 (6.6) Open-angle glaucoma3 (0.5)3 (4.1)2 (2.3)2 (2.2)Vitrectomy Rhegmatogenous reinal detachment1 (0.2)1 (1.1) Epiretinal membrane3 (0.5) Vitreous hemorrhage1 (1.4) Deposit of foveal hard exudate1 (0.2) Endophthalmitis1 (0.2) Choroidal neovascularization1 (0.2) Large cyst1 (0.2)1 (1.1) Serous retinal detachment1 (0.2) Persistent macular edema7 (1.2)2 (2.7)2 (2.3)1 (1.1) Total19 (3.2)7 (9.5)7 (8.0)9 (9.9)[^14][^15] Table 9Additional postoperative procedures in acute or chronic eyes (n=854)AcuteChronic(n=550)(n=304)Glaucoma surgery Neovascular glaucoma8 (1.5)0 Open-angle glaucoma8 (1.5)2 (0.7)Vitrectomy Rhegmatogenous retinal detachment2 (0.4)0 Epiretinal membrane3 (0.5)0 Vitreous hemorrhage1 (0.2)0 Deposit of foveal hard exudate1 (0.2)0 Endophthalmitis1 (0.2)0 Choroidal neovascularization1 (0.2)0 large cyst1 (0.2)1 (0.3) Serous retinal detachment01 (0.3) Persistent macular edema9 (1.6)2 (0.7) IVTA during follow-up70 (12.7)27 (8.9)[^16][^17]

The effects of IVTA on the rate of re-occlusion and development of neovascular glaucoma are shown in [Table 10](#T0010){ref-type="table"}. Re-occlusion and neovascular glaucoma were frequently observed in the eyes treated by IVTA. In eyes with a BRVO without a history of glaucoma, an IVTA injection increased the incidence of these complications significantly. In ischemic CRVO without a history of glaucoma, IVTA increased the rate of neovascular glaucoma significantly.Table 10The effects of IVTA on re-occlusion and neovascular glaucomaTypeIVTAA history ofTotalRe-occlusionNeovascularglaucoman (%)glaucoma, n (%)BRVOPresentPresent401 (25.0)PresentAbsent10917 (15.6)^a^3 (2.8)^b^AbsentPresent141 (7.1)0AbsentAbsent47524 (5.1)^a^1 (0.2)^b^Hemi-CRVOPresentPresent100CRVOPresentAbsent142 (14.3)1 (7.1)AbsentPresent601 (16.7)AbsentAbsent532 (3.8)1 (1.9)NonischemicPresentPresent22 (100.0)2 (100.0)CRVOPresentAbsent194 (21.1)1 (5.3)AbsentPresent600AbsentAbsent607 (11.7)1 (1.7)IschemicPresentPresent301 (33.3)CRVOPresentAbsent203 (15.0)6 (30.0)^c^AbsentPresent600AbsentAbsent622 (3.2)5 (8.1)^c^[^18][^19]

The outcomes of multiple regression analyses on the associations between the occurrence of re-occlusion and several clinical factors are shown in [Table 11](#T0011){ref-type="table"}, and the outcomes on the associations between the occurrence of neovascular glaucoma and several clinical factors are shown in [Table 12](#T0012){ref-type="table"}. The results showed that the use of IVTA was significantly associated with re-occlusion (r =0.13, *P*=0.0004) and neovascular glaucoma (r=0.14, *P*=0.0002).Table 11Multiple regression analyses for re-occlusionIndependent variableβ value*P*-valueFemale0.0480.17Age−0.0080.83Branch0.0860.026Duration of symptoms−0.0240.51Previous photocoagulation−0.0180.65Posterior vitreous detachment−0.0160.67Preoperative visual acuity−0.120.0021Cyst0.0970.014Hemorrhage in the cyst−0.0710.061Subretinal fluid0.0860.030Subretinal hemorrhage−0.0450.24Internal limiting membrane peeling−0.0870.016Intravitreous triamcinolone0.130.0004Cystotomy−0.0290.43Drainage of subretinal fluid−0.0300.42[^20] Table 12Multiple regression analyses for neovascular glaucomaIndependent variableβ value*P*-valueFemale−0.0430.20Age−0.0430.20Branch0.0950.013Duration of symptoms−0.0430.22Previous photocoagulation−0.0320.39Posterior vitreous detachment−0.0400.29Preoperative visual acuity0.130.0011A history of glaucoma0.110.0015Cyst−0.0020.95Hemorrhage in the cyst0.0390.30Subretinal fluid0.0760.049Subretinal hemorrhage−0.0770.039Internal limiting membrane peeling−0.0080.81Intravitreous triamcinolone0.140.0002Cystotomy−0.0040.92Drainage of subretinal fluid0.0040.92Re-occlusion0.130.0002[^21]

The results of multiple regression analyses for the final BCVA for the different BRVO groups are shown in [Table 13](#T0013){ref-type="table"}. An improvement of the final BCVA was associated with a younger age, obstruction located peripherally, better preoperative BCVA, and absence of hemorrhage in the cysts. IVTA at the end of surgery and during follow-up were not significant factors for the final BCVA; however, IVTA at the end of surgery was significant at 1 month (r=−0.11, *P*=0.0005), 2 months (r=−0.088, *P*=0.011), and 3 months (r=−0.075, *P*=0.035), but not at 6 months (r=−0.049, *P*=0.17).Table 13Multiple regression analyses for the final BCVA for the BRVO (n=602)Independent variableβ value*P*-valueFemale0.0480.17Age0.25\<0.0001Branch0.100.0058Duration of symptoms0.0580.12Previous photocoagulation−0.0210.59Posterior vitreous detachment−0.0590.14Preoperative visual acuity0.43\<0.0001Cyst0.0590.15Hemorrhage in the cyst−0.0840.038Subretinal fluid−0.0350.40Subretinal hemorrhage−0.0240.56Internal limiting membrane peeling0.0090.81IVTA at the end of surgery−0.0150.68Arteriovenous sheathotomy−0.0370.31Cystotomy−0.0190.62Drainage of subretinal fluid0.0720.069IVTA during follow-up0.0460.21[^22][^23]

The outcomes of multiple regression analyses for the final BCVA for the CRVO groups are shown in [Table 14](#T0014){ref-type="table"}. A better final BCVA was significantly associated with a younger age, peripheral obstruction site, and better preoperative BCVA. IVTA at the end of surgery and during follow-up were not a significant factors associated with the final BCVA; however, IVTA at the end of surgery was significant at 1 month (r=−0.14, *P*=0.0068), 2 months (r=−0.13, *P*=0.016), and 3 months (r=−0.11, *P*=0.040), but not at 6 months (r=−0.046, *P*=0.47).Table 14Multiple regression analyses for the final BCVA for the CRVO (n=178)Independent variableβ value*P*-valueFemale0.0630.29Age0.38\<0.0001Ischemic0.200.0061Duration of symptoms0.0250.66Previous photocoagulation−0.0290.63Posterior vitreous detachment−0.0170.79Preoperative visual acuity0.48\<0.0001Cyst0.0350.56Hemorrhage in the cyst0.0770.19Subretinal fluid−0.0180.77Subretinal hemorrhage−0.0040.95Internal limiting membrane peeling−0.0650.29IVTA at the end of surgery0.0430.53Radial optic neurotomy−0.0820.20Cystotomy−0.0440.45Drainage of subretinal fluid0.0560.34IVTA during follow-up−0.0060.92[^24][^25]

The time course of the changes in the BCVA for the subgroups of RVO by the acute (duration ≤3 months, n=550) and chronic (duration \>3 months, n=304) eyes is shown in [Figure 4](#F0004){ref-type="fig"}. The improvement was better in the acute eyes than the chronic eyes. There was a significant difference between two groups at 9 months (*P*=0.020), at 12 months (*P*=0.0095), and at the final visit (*P*=0.012).Figure 4The time course of the changes in the BCVA for the subgroups of RVO by the acute (duration ≤3 months, n=550) and chronic (duration \>3 months, n=304) eyes. The improvement was better in the acute eyes than the chronic eyes. There was a significant difference between two groups at 9 months (*P*=0.020), at 12 months (*P*=0.0095), and at the final visit (*P*=0.012).**Abbreviations:**BCVA, best-corrected visual acuity; RVO, retinal vein occlusion; BRVO, branch RVO.

The time course of the changes in the BCVA for the subgroups of RVO by the duration of symptoms is shown in [Figure 5](#F0005){ref-type="fig"}. There was a significant difference between the preoperative BCVA and the post-treatment BCVA at all visits in all subgroup of duration (all *P*\<0.0001). The subgroup with a duration ≦1 month, 2--3 months, and 3--6 months had a similar time course. The subgroup with a duration \>6 months had the worst time course. There was a significant difference between a duration\>6 months and a duration of 2--3 months at 9 months (*P*=0.0037), at 12 months (*P*=0.0046), and at the final visit (*P*=0.0070).Figure 5The time course of the changes in the BCVA for the subgroups by the duration of symptoms. There was a significant difference between a duration\>6 months and a duration of 2--3 months at 9 months (*P*=0.0037), at 12 months (*P*=0.0046), and at the final visit (*P*=0.0070).**Abbreviation:**BCVA, BCVA, best-corrected visual acuity.

The time course of the changes in the BCVA for the subgroups of RVO by the early period (from 9/1994 to 6/2003; n=446) and late period (7/2003 to 11/2011; n=408) is shown in [Figure 6](#F0006){ref-type="fig"}. There was a significant difference between the two groups at 1 month *(P*=0.048). The two groups had a similar time course.Figure 6The time course of the changes in the BCVA for the subgroups of RVO by the early period (from 9/1994 to 6/2003; n=446) and late period (7/2003 to 11/2011; n=408). There was a significant difference between the two groups at 1 month *(P*=0.048).**Abbreviations:** BCVA, best-corrected visual acuity; RVO, retinal vein occlusion.

Scatter plots showing the relationship between the final visual acuity (logMAR units) and the foveal thickness at the final visit in BRVO (n=214) are shown in [Figure 7](#F0007){ref-type="fig"}. The final BCVA ≥20/20 was observed in 13 (35.1%) of 37 eyes with a foveal thickness ≥300 µm.Figure 7Scatter plots showing the relationship between the final visual acuity (logMAR units) and the foveal thickness at the final visit in BRVO (n=214). **Abbreviations:**RVO, retinal vein occlusion; BRVO, branch RVO.

Discussion {#S0004}
==========

The results showed that the BCVA was significantly improved at the end of the first postoperative year, and the BCVA was maintained for a long period thereafter in all types of RVOs. Recently, intravitreal injections of anti-VEGF agents are very common treatment for ME secondary to RVOs. However, our present findings indicate that there are several advantages of vitrectomy.

RVOs occurred more frequently in men than women except for the major BRVOs.[@CIT0049] Men tended to develop an RVO at a younger age than women.[@CIT0049] CRVOs were significantly associated with glaucoma.[@CIT0050] Ischemic CRVOs occurred more frequently in women. However, our results are most consistent with the reports by Hayreh et al,[@CIT0049],[@CIT0050] and they indicated that the patients in our cohort have the general characteristics of RVO.

Hemorrhages in the foveal cysts and subfoveal hemorrhages were frequently observed in eyes with a BRVO. Foveal cysts and serous foveal detachments were frequently observed in eyes with ischemic CRVO. Because there was no significant difference in the age and duration of the symptoms, the biomicroscopically observed pathological foveal changes appear to be characteristic of the RVO types. These changes did not significantly affect the final BCVA; however, further studies are needed to determine the associations between optically observed foveal changes and functional outcomes.

The time course of the changes in the BCVA for the 4 types of RVOs showed that the improvements of the BCVA were greater during the early postoperative period and lesser and slower thereafter. This is consistent with our previous findings that the visual gain curves after vitrectomy for different macular diseases can be well fit by a hyperbolic function.[@CIT0051] The continued visual improvement after vitrectomy is in contrast to the early improvement after anti-VEGF therapy.[@CIT0008]

The time course of the changes in the BCVA indicates that the type of RVO determines the long-term BCVA. Hemi-CRVO and nonischemic CRVO had similar changes which are not unexpected because the pathogenesis of hemi-CRVO is quite similar to that of CRVO.[@CIT0052] The statistical comparisons showed the BCVA improved during the first postoperative year, and the BCVA was maintained for a long time in all types of RVO. In BRVO, the improvement continued postoperatively even after one year. There was a significant improvement from 1 year to 2 years postoperatively. These findings suggest that the outcomes on the BCVA after vitrectomy for BRVO require longer follow-up times of at least 2 years.

The BRVOs consisted of three subtypes, and the degree of improvement of the BCVA was in the following order; macular RVO, second branch RVO, and first branch RVO. A final BCVA of ≥20/40 was obtained in 70% to 94% of the patients, and a final BCVA of ≥20/20 was obtained in 37% to 63%. These findings suggest that the evaluation of the BCVA after vitrectomy for a BRVO needs to be classified by the subtypes. In addition, these findings indicate that the major and macular RVOs are two distinct clinical entities.[@CIT0053],[@CIT0054]

Rogers et al reported that the visual acuity improved in eyes with BRVO without intervention although significant improvements \>20/40 were not common.[@CIT0055] In our cohort, a final BCVA of ≥20/40 was obtained in 78.9%. Quinlan et al[@CIT0056] studied the natural course of 107 nonischemic CRVO eyes and 61 ischemic CRVO eyes with a mean follow-up duration of 22 months (range, 6 months to 6 years). In the nonischemic CRVO eyes, the final BCVA improved in 15% and worsened in 31%, and a final BCVA was ≤20/200 in 50% of the patients. In ischemic CRVO, an improvement of the final BCVA was found in 28% and a worsening in 38%. The final BCVA was ≤20/200 in 93%, counting fingers or worse in 54%, and hand motions or worse in 36%. In our cohort of nonischemic CRVO, the final BCVA improved in 57% and worsened in 18%, and the final BCVA was ≤20/200 in 32%. In ischemic CRVO, the final BCVA improved in 52% and worsened in 23% of the eyes, and the final VA was ≤20/200 in 77%, counting fingers or worse in 10%, and hand motions or worse in 9%. Our present findings indicate that vitrectomy is not inferior to natural course of RVO.

Our results showed that a faster visual recovery was present in patients treated with an IVTA at the end of surgery. However, IVTA was not a significant factor for the final BCVA. This is consistent with one report that there was no significant difference in the improvement of BCVA between vitrectomy alone group and vitrectomy with IVTA group at 12 months postoperatively.[@CIT0026] Moreover, we found that IVTA can increase the risk of glaucoma and re-occlusion. However, we could not explain the mechanism, further examinations are needed.

It is believed that early treatment for macular edema achieves better BCVAs. In our study, the acute eyes had better visual outcomes compared to the chronic eyes. In the subdivided study, the BCVA improvements in patients with duration of ≤1 month, 2 to 3 months, and 3 to 6 months had similar BCVA and had better BCVA than eyes with duration longer than 6 months. The duration of the symptoms was not a factor that significantly affected the final BCVA. It was somewhat surprising that the outcomes did not differ for symptom duration of 1 to 3 months. One clue for this might be that the results were not stratified into treatment-naïve and pre-treated patients. Macular edema occasionally resolves during the natural course, and the duration of symptoms and signs for this course is uncertain. Further studies are needed to determine appropriate timing of treatments including anti-VEGF treatment.

It is clear that a depression of the VEGF levels leads to excellent short-term outcomes in patients with RVO.[@CIT0057] However, there have been only a few reports on the long-term outcomes of anti-VEGF therapy.[@CIT0057]--[@CIT0059] In patients with BRVO, a pre-treatment of eyes with a BCVA of ≥20/40 in the VIBRANT,[@CIT0059] HORIZON,[@CIT0058] and this study was 25.2%, 70.2%, and 29.1% at the baseline and 84.6%, 61.6%, and 73.4% at 12 months, respectively. The incidence of a BCVA of ≤20/200 in the HORIZON[@CIT0058] and this study was 2.9% and 23.6% at the baseline and 2.7% and 6.3% at 12 months, respectively. In eyes with a CRVO including an ischemic CRVO, the incidence of eyes with a BCVA of ≥20/40 in the HORIZON[@CIT0058] and this study was 51.0% and 12.9% at the baseline and 41.2% and 28.7% at 12 months, respectively. The incidence of eyes with a BCVA of ≤20/200 in the HORIZON[@CIT0058] and this study was 8.2% and 59.6% at baseline and 5.9% and 47.2% at 12 months, respectively. The comparisons of the outcomes to the anti-VEGF therapy need to be done more accurately with an inclusion of the postoperative treatments of the patients. Then, we cannot compare the effectiveness of vitrectomy alone to that of anti-VEGF therapy.

The RETAIN study[@CIT0057] reported on the outcomes of intravitreal ranibizumab injections for RVO, and the results showed that one-half of the patients had a resolution of edema, and the other half still needed repeated injections even in the fourth year. The mean number of injections for macular edema due to CRVO was 10.9 in the aflibercept group and 14.4 in the ranibizumab group with a follow-up period of 18 months.[@CIT0060] In addition, serial anti-VEGF therapy did not prevent the developments of neovascular abnormalities,[@CIT0061],[@CIT0062] and an increase in the size of the nonperfused area.[@CIT0063] These findings suggest that serial anti-VEGF therapy still requires repeat injections and treatments for neovascular events during long-term follow-ups. Smiddy[@CIT0064] concluded that the relative cost and benefits of anti-VEGF therapy should also be considered when considering the treatment strategies. Vitrectomy was reported to be a useful method in terms of the relative costs and benefits for diabetic macular edema[@CIT0064] and proliferative diabetic retinopathy.[@CIT0065] We believe that vitrectomy is a useful therapy for macular edema due to RVO in terms of the relative costs and benefits.

Sato et al[@CIT0035] performed microincision vitrectomy with ILM peeling on 101 eyes with macular edema secondary to BRVO. The preoperative mean BCVA in their cohort increased from 0.52±0.43 logMAR units to 0.25±0.41 logMAR units at 12 months, and the mean preoperative foveal thickness decreased from 489±224 µm to 274±135 µm at 12 months postoperatively. The percentage of patients with BCVA ≤20/40 at the baseline and ≥20/40 at 12 months after the vitrectomy was 63.4%. Their findings were similar to ours. The reasons for the favorable visual outcomes in our study were not determined. However, the consecutive case series by one surgeon might be one reason.

IVTA was used in 97 (11.4%) of 854 eyes with persistent macular edema, but its use was not significantly correlated with the final BCVA. Thus, IVTA during the follow-up period has not been performed recently. If the ILM is not peeled at the initial surgery, we performed ILM peeling as an additional procedure for persistent macular edema. If persistent macular edema was observed in ILM peeled eyes, most eyes had good BCVA as our OCT data showed. Further studies are needed for the additional treatments such as anti-VEGF injection and direct photocoagulation.

The time course of the changes in the BCVA raises doubts about the effectiveness of surgery in eyes with ischemic CRVO. The BCVAs and foveal thicknesses were significantly improved after the surgery. The final BCVA was also improved in 51.6% and unchanged in 25.3% of the patients. The number of eyes with a preoperative BCVA ≥20/40 was only 1 (1.1%), and it was 13 eyes (14.3%) at the final visit. However, final BCVA worsened in 23.1% and the 64 (83.1%) of the 77 eyes with a preoperative BCVA ≤20/200 had a final BCVA of ≤20/200. In addition, neovascular glaucoma developed postoperatively in 12 eyes (13.2%), and 6 of these eyes required glaucoma surgery. Some patients had favorable visual outcomes after the surgery. However, the prognosis of visual outcomes generally remained poor, and the incidence of postoperative complications was high. The indications for ischemic CRVO need to be examined in more detail.

In treatment-naïve patients, we recommended vitrectomy as the initial treatment for patients who requested surgery and eyes with cataracts, vitreomacular traction, and chronic macular edema. In the pre-treated patients with recurrent or persistent macular edema, we recommended vitrectomy, as have many other authors. In patients with ischemic CRVO, vitrectomy might also be considered after panretinal photocoagulation and anti-VEGF injection. Recently, surgical procedures have been combined with ILM peeling. However, the necessity of ILM peeling for acute and treatment-naïve patients has not been definitively determined.

The exact mechanism for the effectiveness of vitrectomy was not determined. It is known that the release of traction, removal of angiogenic agents, and improving oxygenation to the retina[@CIT0066]--[@CIT0068] may play important roles. In this study, the final BCVA was not associated with PVD. Thus, we believe that the main reason may be improving oxygenation to the retina. Further analysis is needed to explain the effectiveness of vitrectomy.

Several authors have reported that the vitreous may play an important role in the development of macular edema.[@CIT0069]--[@CIT0072] In addition, the degree of uveitis decreased[@CIT0073] and the retinal oxygen concentration improved[@CIT0074] after the vitreous surgery. On the basis of these reports, we first used vitrectomy in eyes with diffuse diabetic macular edema.[@CIT0075] We considered the possibility that vitrectomy would also be effective for macular edema associated with other conditions. At that time, the standard treatment for macular edema due to a BRVO was laser photocoagulation; however, the treatment benefits were limited. In 1994, we started performing vitrectomy for patients with marked retinal thickening and severe hemorrhage in the macular area that conventional laser photocoagulation treatment of macular edema, as outlined in the BVOS study, could not be performed. In 1996, we expanded the indications for vitrectomy to eyes with macular edema due to a CRVO.

There are several limitations in this study. The absence of a control group that underwent observations only or had undergone anti-VEGF treatments. Systemic risk factors such as hypertension and diabetes mellitus were not examined extensively. There were the effects of the time when the surgery was performed and the changes in the surgical techniques and instruments, surgical strategy including indication for surgery, and the additional treatments. The postoperative standard therapy and the need for treatment escalation were not established. The reported treatment success was not achieved only by surgery because some patients received preoperative and postoperative treatments. The positive aspects of this study include a large sample size, phacovitrectomy by the same surgeon, longer follow-up period, and the use of BCVA. In addition, all eyes except the clear phakic eyes were pseudophakic at the last visit so a worsening of nuclear sclerotic cataracts did not influence the final BCVA.

In conclusion, the BCVA improves and is maintained for a long postoperative period after vitrectomy for macular edema due to RVO. The type of RVO is significantly associated with the final BCVA. The effects of several attempts to release the obstruction site seem invalid. Vitrectomy can be a treatment option and can reduce the financial and time burden for patients and physicians.
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[^1]: **Note:** ^a^*P*\<0.0001, ^b^*P*=0.0068, c, Female, n (%): MVO 24 (47.1), 2nd 152 (61.8), 1st 178 (58.4).

[^2]: **Abbreviations:** RVO, retinal vein occlusion; BRVO, branch RVO; CRVO, central RVO; BCVA, best-corrected visual acuity; LogMAR, logarithm of the minimal angle of resolution; PC, photocoagulation; PVD, posterior vitreous detachment.

[^3]: **Note:** Data are expressed as number (%).

[^4]: **Abbreviations:** RVO, retinal vein occlusion; BRVO, branch RVO; CRVO, central RVO; ILM, internal limiting membrane; ICG, indocyanine green; TA, triamcinolone acetonide; IVTA, intravitreal TA injection.

[^5]: **Note:** Data are expressed as number (%).

[^6]: **Abbreviations:** ILM, internal limiting membrane; IVTA, intravitreous triamcinolone acetonide injection.

[^7]: **Notes:***P*-values are shown. Paired *t*-test was used.

[^8]: **Abbreviations:** RVO, retinal vein occlusion; BRVO, branch RVO; CRVO, central RVO; hemi-RVO, hemi-central RVO.

[^9]: **Abbreviations:** BCVA, best-corrected visual acuity; RVO, retinal vein occlusion; BRVO, branch RVO; CRVO, central RVO.

[^10]: **Note:** Data are expressed as number (%).

[^11]: **Abbreviations:**RVO, retinal vein occlusion; BRVO, branch RVO; CRVO, central RVO; hemi-CRVO, hemi-central RVO.

[^12]: **Note:** Data are expressed as number (%).

[^13]: **Abbreviation:** CRVO, central retinal vein occlusion.

[^14]: **Note:** Data are expressed as number (%).

[^15]: **Abbreviations:**RVO, retinal vein occlusion; BRVO, branch RVO; CRVO, central RVO; hemi-CRVO, hemi-central RVO.

[^16]: **Note:** Data are expressed as number (%).

[^17]: **Abbreviation:** IVTA, intravitreous triamcinolone acetonide injection.

[^18]: **Notes:** ^a^*P*=0.0001, ^b^*P*=0.0037, ^c^*P*=0.012.

[^19]: **Abbreviations:** IVTA, intravitreous triamcinolone acetonide injection at the end of surgery; RVO, retinal vein occlusion; BRVO, branch RVO; CRVO, central RVO; hemi-CRVO, hemi-central RVO.

[^20]: **Note:** Adjusted R²=0.068 for re-occlusion in multiple regression (*P*\<0.0001).

[^21]: **Note:** Adjusted R²=0.12 for neovascular glaucoma in multiple regression (*P\<*0.0001).

[^22]: **Note:** Adjusted R²=0.34 for final BCVA in LogMAR in multiple regression (*P\<*0.0001).

[^23]: **Abbreviations:** IVTA, intravitreous triamcinolone acetonide injection; BCVA, best-corrected visual acuity; RVO, retinal vein occlusion; BRVO, branch RVO.

[^24]: **Note:** Adjusted R²=0.55 for final BCVA in LogMAR in multiple regression (*P\<*0.0001).

[^25]: **Abbreviations:** IVTA, intravitreous triamcinolone acetonide injection; BCVA, best-corrected visual acuity; RVO, retinal vein occlusion; BRVO, branch RVO; CRVO, central RVO.
